Background: Undernutrition is highly prevalent among infants in Uganda. Optimal infant feeding practices may improve nutritional status, health, and survival among children. Objective: Our study evaluates the socioeconomic distribution of exclusive breastfeeding (EBF) and growth outcomes among infants included in a trial, which promoted EBF by peer counselors in Uganda. Design: Twenty-four clusters comprising one to two communities in Uganda were randomized into intervention and control arms, including 765 mother-infant pairs (PROMISE-EBF trial, 200608, ClinicalTrials.gov no. NCT00397150). Intervention clusters received the promotion of EBF by peer counselors in addition to standard care. Breastfeeding and growth outcomes were compared according to wealth quintiles and intervention/control arms. Socioeconomic inequality in breastfeeding and growth outcomes were measured using the concentration index 12 and 24 weeks postpartum. We used the decomposition of the concentration index to identify factors contributing to growth inequality at 24 weeks. Results: EBF was significantly concentrated among the poorest in the intervention group at 24 weeks postpartum, concentration index (0.060. The control group showed a concentration of breastfeeding among the richest part of the population, although not statistically significant. Stunting, wasting, and underweight were similarly significantly concentrated among the poorest in the intervention group and the total population at 24 weeks, but showing non-significant concentrations for the control group. Conclusion: This study shows that EBF can be successfully promoted among the poor. In addition, socioeconomic inequality in growth outcomes starts early in infancy, but the breastfeeding intervention was not strong enough to counteract this influence.
Introduction
Undernutrition is highly prevalent in low-and middleincome countries and is estimated to be responsible for 45% of all child deaths (1) . A complex web of social, economic, and political factors influences child undernutrition, and there are substantial socioeconomic inequalities in undernutrition between and within populations. Early childhood undernutrition is further associated with poor child development, reduced school performance, and less productivity in adult life (1) . The promotion of exclusive breastfeeding (EBF) for the first 6 months of infancy is suggested as an effective strategy to achieve better nutrition, lower infections, and increased intelligence (2Á4). Hence, breastfeeding provides benefits beyond health and will provide economic and environmental advantages to women and children as well as the society at large (5) . EBF can effectively be promoted by relevant interventions (5) . However, more information is needed on how such strategies affect different socioeconomic strata.
A concern for policymakers is the health gap between different population groups (6, 7) . There are unacceptably high levels of inequality in child health within and between countries, and in some areas, these gaps are widening (8Á10). Victora et al. have called for a focus on equity in achieving the Millennium Development Goal targets and suggest that the first goal, poverty and hunger reduction, should be united with the fourth goal, reducing child mortality, to avoid making progress in child mortality rates at population levels while leaving the poorest children behind (10) .
The concentration index has become a useful tool for measuring socioeconomic inequalities in health (11, 12) . It can also be decomposed to investigate which factors are associated with inequality. The decomposition method has received considerable attention among health economists and epidemiologists (13Á16), as it provides information on the determinants of inequalities.
Setting
Uganda labors under a considerable burden of undernutrition, economic inequality, and poverty. In 2011, 28% of children were stunted, 4% of children were wasted, and 17% were underweight in the total population (17) . Even for infants B6 months old, undernutrition was present, with a prevalence of stunting at 6.4%, wasting 5.0%, and underweight 4.4%. With a population of 37.6 million, the degree of income inequality in Uganda is relatively high (Gini coefficient of 44.3) (18) . Approximately 38% of the population is living on B$1.25 per day (2005 international prices). Public health information may help to level some of these challenges. Our study addresses the possible benefits of such interventions on infant nutrition.
This study analyzes the Ugandan site of a communitybased cluster-randomized trial promoting EBF for 6 months: the PROMISE-EBF study (ClinicalTrials.gov no. NCT00397150). Peer counselors provided breastfeeding support in the intervention clusters in addition to standard care. Mothers and infants in the control clusters received standard healthcare only. The prevalence of EBF at 12 weeks was doubled in the intervention clusters compared to the controls (19) . No difference in the prevalence of diarrhea was noted at either 12 or 24 weeks. Growth outcomes at 24 weeks have been described elsewhere (20) . There was a small, but insignificant, difference in lengthfor-age z-scores and slightly lower weight-for-length z-scores in the intervention group in Uganda. Population, health, and development indicators from Uganda and baseline characteristics from the study site are presented in Tables (1Á3) (18Á20). The aim of this study was to investigate the EBF intervention's socioeconomic distribution and its impact on the socioeconomic distribution of undernutrition among infants included in the PROMISE-EBF trial in Uganda. Additionally, we investigate factors that contribute to inequality in early growth. We have not been able to identify any studies that evaluate inequalities in similar nutritional counseling interventions.
Methods

Data
The data were derived from the Ugandan site of the PROMISE-EBF study, which included 24 clusters in Mbale district, eastern Uganda, where 863 mothers were recruited and 765 mother ( infant pairs enrolled for data collection. Pregnant women residing in the selected clusters intending to breastfeed were included in the study. All pregnant women in the clusters were identified by community-based recruiters and approached by the research team. Inclusion criteria were at least 7 months or visibly pregnant and not having given birth more than 1 week ago, providing informed consent, no plans of moving away the following year, and a singleton live birth without any malformation that could possibly obstacle breastfeeding. Exclusion criteria were women planning 
Variable definitions Dependent variables
Infants classified as EBF did not receive any food or liquid other than breast milk (except for medication). This was reported at 12 and 24 weeks of age based on a 7-day recall (19) . Anthropometric assessment of nutritional status included length-for-age, weight-for-length, and weight-forage, which can be expressed in standard deviation units, z-scores, from the median of a reference population. The WHO Child Growth Standards from 2006 were used as a reference population in this study to estimate the anthropometric z-scores of the infants examined (21) . A child with a length-for-age z-score B Á2 was considered stunted, a weight-for-length z-score B Á2 was considered wasted, and a weight-for-age z-score B Á2 was considered underweight. Means, means by quintiles and concentration indices for intervention and control arms, and the total population (Tables 4 and 5) were calculated on binary variables of stunting, wasting, and underweight. The secondary analysis of decomposing poor growth at 24 weeks to investigate factors contributing to inequality was based on the negative values of the length-for-age zscore at 24 weeks (explained under 'Analysis').
Independent variables
Socioeconomic position was measured using data on assets and ownership obtained from household interviews and observations. A wealth index was created using multiple correspondence analysis (22) , which is similar to analogous principal component analysis and suitable for categorical data. The index was based on the following assets and characteristics: TV, radio, mobile, chair, cupboard, refrigerator, type of toilet, electricity, type of water source, and type of wall. It was divided into five wealth quintiles. According to Wagstaff and Watanabe, it seems to make little difference in this kind of inequality analysis whether one measures socioeconomic position using an asset-based wealth index or household consumption (23) . Information on EBF included at most 765 motherÁ infant pairs, where missing, lost to follow-up, and deaths were recoded as non-events (not exclusively breastfeeding). Information on wealth status (index and quintiles) was available for 765 households collected in recruitment interviews. Anthropometric measurements were available for up to 691 motherÁinfant pairs, which were included in the analysis of inequality in growth. We included only 'timely visits' in our analysis. This included visits Concentration indices calculated on binary variables of stunting, wasting, and underweight. Means for stunting, wasting, and underweight controlled for inverse probability weights. All means controlled for cluster correlation. Omitted. Means for stunting, wasting and underweight controlled for inverse probability weights. All means controlled for cluster correlation.
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Explanatory variables included in the decomposition regression model were the wealth index, infant's age and sex, place of birth (at a health facility (yes/no)), mothers' education in years, marital status, residence (rural/urban), participation in the breastfeeding intervention, mother's age, number of previous births, and mother's height. Due to missing values on any one of the explanatory variables, 126 observations were excluded in the regression analysis (N 0565). The regression model allows us to explore the factors that are associated with poor growth and that contribute to the growth inequality.
Analysis
All analyses were carried out in Stata IC 14 (www.stata. com). Concentration indices of EBF, stunting, wasting, and underweight at 12 and 24 weeks were computed using DASP Stata Package, a tool for distributive analysis (24) . To adjust for missing anthropometric data, we used inverse probability weights when applicable (not in the inequality analysis) rather than plain available analysis to control for potential differences at follow-up. We also controlled for cluster correlation when possible. Further information on data cleaning and the handling of missing anthropometric information is available in earlier published data (20) .
We used the concentration index as a measure of relative socioeconomic inequality in EBF, wasting, stunting, and underweight (11, 25) . The concentration index ranges from (1 to 1, with the value 0 representing equality. The concentration index for a variable takes a negative value when the variable is more concentrated among the poorest of the population. Conversely, when a variable is concentrated among the least poor in the population, the concentration index is positive. For individual data, the concentration index can be written as follows (11):
where n is the sample size, y i is the health indicator for a person i, m is the mean level of health in the sample, and R i is the fractional rank of the ith person in terms of living standards. Additionally, a concentration index for poor growth (using negative length-for-age z-scores) was further decomposed into possible factors that could explain inequality, a method proposed by Wagstaff et al. (15) . We chose to decompose the concentration index for negative length-for-age z-scores (as a longitudinal outcome for poor growth) rather than a binary variable as stunting, as a continuous variable would keep more information in the linear regression model. This has also been the standard in other studies analyzing inequality in undernutrition using the decomposition method (11, 15, 16) .
For the outcome variable of poor growth: 1) a concentration index was calculated as a measure of socioeconomic inequality in health; 2) a multivariate regression model was estimated between the outcome variable and the set of explanatory variables; and 3) a decomposition of the inequality (concentration index) in the outcome variable was estimated to identify factors that contributed to inequality. For any linear regression model, the health outcome variable, y, can be linked to a set of k health determinants, x k , and an error term :
Given this relationship between y i and x ki , one is able to write the concentration index for y as follows (15):
where the mean of y is written as m, the mean of x k is written as x k , and C k is the concentration index for x k (the socioeconomic inequality in each explanatory variable). The (b k x k =l) is the elasticity of y (nutritional status) with respect to each x k (explanatory variable). Elasticity means the (partial) association between a percentage change in the dependent health variable (nutritional status) and a percentage change in an explanatory variable, thereby indicating how responsive a change in nutritional status is to a change in, for example, mothers' education. The elasticity is proportional with the beta coefficient from the multivariate regression model explaining the relationship between the explanatory variable x k and the dependent variable y. The elasticity also adjusts for the mean of the dependent and explanatory variables. The last term is a residual (unexplained) component with a generalized concentration index, GC o . This reflects the remaining inequality, which cannot be explained by the health determinants' systematic variation across the socioeconomic rank. Each determinant's absolute contribution to C is the elasticity of the determinant multiplied by its concentration index b k x k l = Þ Ã C k ð (13). The decomposition method allows investigation into which factors contribute to inequality in health and how. There are two elements affecting whether a factor contributes to inequality in health: 1) the elasticity, which represents the association between the outcome variable and the explanatory variable, and 2) the degree of unequal distribution of the variable in the population (the explanatory variable's concentration index). A positive relative contribution implies that the variable has a supportive effect on the socioeconomic inequality in the health outcome. A negative relative contribution implies that the variable has the opposite effect on socioeconomic inequality in growth.
Ethics statement
The PROMISE-EBF study was approved by the institutional review board of the Faculty of Medicine, Makerere University, and the Research and Ethics Committee, Uganda National Council for Science and Technology in Uganda, as well as the regional committees for Medical and Health Research Ethics in Norway. The women who participated in the peer-counseling program provided verbal-informed consent. Before data were gathered, a signed or thumb-printed informed consent was obtained.
Results
The peer-counseling intervention increased EBF practices (52% of women in intervention clusters compared with 11% in control clusters at 24 weeks) (19) . However, the intervention had a stronger impact on EBF at 24 weeks in the poorest three quintiles (58% compared to 11% in the control clusters). EBF was significantly concentrated among the poorest in the intervention group and the total population. For the control group, the concentration of EBF was among the wealthiest part of the population, but not statistically significant. There were no clear differences in EBF at 12 weeks between the socioeconomic strata ( Table 4 ). The concentration index from week 12 showed a similar pattern to 24 weeks, but not statistically significant. Stunting, wasting and underweight were significantly conentrated among the poor in the total population and intervention group at 24 weeks. Similar distributions were present at 12 weeks for wasting and underweight. We found no significant difference in the socioeconomic distribution of stunting, wasting, or underweight between the intervention and control groups.
Results from the linear regression are presented in the left part of Table 6 (under the subheading adjusted linear regression). The beta coefficients show the association between the dependent variable (poor growth) and the explanatory variables. The dependent variable consists of negative values of length-for-age z-scores, representing poor growth. The higher the value, the poorer the growth. Therefore, a positive regression coefficient is interpreted as the variable being positively associated with undernutrition. Infants' linear growth worsened with age (in weeks). Male infants were significantly more vulnerable to poor growth. Wealth was associated with better linear growth of infants, as was mothers' height, indicating that shorter mothers were more likely to have children with poor growth.
The results from the decomposition are also presented in Table 6 (columns 5Á8). The table presents the absolute and relative contributions of each explanatory factor to the total socioeconomic inequality in growth. The decomposition of the concentration index indicated 57% contribution from the wealth index to inequality. Mothers' height contributed to 18% of the inequality, with a negative elasticity explaining the protective association to infant growth. Other factors contributed negatively to inequality (e.g. mothers' education); hence, the contribution of all factors together accounts for 100% of the contribution. The infants' age and sex, which show strong associations with linear growth, were not important in determining inequality in growth. A residual of 24% could not be explained by the factors included in this model.
Discussion
This study has used concentration indices and decomposition to evaluate equity aspects in a trial promoting EBF with peer counselors. To the best of our knowledge, this method has rarely been used to evaluate a trial's effect on child health equity (26) . Using this method in the assessment of the PROMISE-EBF trial showed that the trial outcome of EBF behavior change was achieved more successfully among the poorest than among the least poor. Thus, this intervention could counteract inequity. However, growth outcomes did not seem to go in the same direction. In contrast, the study indicates that socioeconomic inequality in infant nutrition adopted a pro-rich pattern as early as 12Á24 weeks of age in spite of the changes in breastfeeding patterns. The inequality in linear growth was mainly associated with wealth status and mothers' height. EBF is highly recommended in low-income countries and has been suggested to prevent 800,000 annual child deaths with universal coverage (4) . EBF provides benefits for children, such as fewer infections, increased intelligence, and perhaps less diabetes and overweight (4) . There are many potential reasons that the pro-poor breastfeeding distribution did not achieve a less pro-rich distribution of undernutrition outcomes in this study. First, even if the recommended period of EBF is 6 months, the time for introducing other feeds is often best represented as a short interval ending around 6 months. In our study, the poorest women prolonged EBF more than the less poor, and several of them even beyond the recommended 6 months. The increased proportion of EBF among the poorest at 6 months confirms this trend. The mothers might not have had the resources to introduce complementary food even if the children gave signs indicating the need for additional food. For women who are financially better off, they might have planned for complementary feeding starting a bit earlier than 6 months and might already have increased caloric intake at the 6-month assessment. They might also have been enabled to feed themselves better and feed more frequently. The latter two issues were to a limited degree assessed in the trial (27) . Moreover, EBF may not have the expected positive effect on infant growth at exactly 6 months' age (20, 28, 29) . Results derived from 15 randomized controlled trials show a small reduction in body mass index and bodyweight-forlength for infants at 6 months whose mothers had received a breastfeeding promotion intervention (4). More research is needed on this issue.
The decomposition analysis showed that male, older, and poorer infants were significantly more prone to poor growth. Our results also show that mothers' height was highly associated with poor growth. This is in line with Barker et al. (30) and the extension of this hypothesis by Victora et al. (31) , describing how maternal undernutrition influences fetal growth, which may lead to low birth weight, shortness, or thinness at birth as well as the failure of infant growth. Moreover, poor fetal growth or stunting during the first 2 years of life is associated with longterm consequences, such as shorter adult height, lower attainment in school, reduced income as an adult, and the reduced birthweight of future offspring. The association between mothers' height and children's growth could be related by both hereditary and environmental factors. Further, the environmental factors could be linked to food security, which, most likely, is strongly correlated with wealth, family habits, and cultural practices, as well as other environmental aspects in the household.
In this study, we estimated a concentration index for stunting at (0.12 and wasting at (0.25 at 24 weeks. This shows somewhat more inequality than estimates from earlier multi-country reports; Gwatkin et al. estimated a concentration index for stunting in Uganda at (0.055 (32) . Van (33) . The figures in both studies are based on children younger than5 years, whereas our study only presents inequality among infants at 24 weeks. Our results suggest that inequality in undernutrition starts in early infancy. Compared with other regions of the world, sub-Saharan African and Southeast Asian countries have the highest prevalence of undernutrition, while it has been shown that the degree of inequality is lower than, for example, Latin American countries (33) .
Analyses and results of the total study population require careful interpretation of causal inferences. As half of the participants were targets for the breastfeeding promotion intervention, how comparable is this group to the general population in Mbale? However, our analysis gave similar estimates of inequality in undernutrition for both the study arm in the breastfeeding intervention and the control group. Earlier analyses of the breastfeeding trial show changes in EBF practices, but not in the prevalence of diarrhea (19) . Thus, we have results indicating self-reported behavioral change, but no or questionable change in health outcomes. Careful consideration of behavioral change interventions across socioeconomic strata is needed to have a more in-depth understanding in future attempts to promote safer infant feeding practices (34) .
This study has several limitations. First, it is based on a population from Mbale district in eastern Uganda, which could only be generalizable to some extent to settings with similar wealth and culture. There is some diversity in wealth between areas in Uganda, and we know that Mbale is ranked somewhere in the middle. According to the UDHS from 2011, the Gini coefficient for economic inequality for the eastern region (0.35) is quite similar to that of the whole country (0.39) (17) . Second, the number of observations is relatively small; hence, the study may not have had enough power to identify real differences between the intervention and control groups. We, therefore, cannot rule out a possible equity impact of the intervention. There was some loss to follow-up, and it is possible that those lost to follow-up were different from those retained. To account for this, we used inverse probability weight.
When we analyzed the data both with and without applied weights (results not shown), we found little difference in the results, indicating the robustness of the analysis.
The intervention arm had an overall slightly lower socioeconomic status (SES) than the control arm. This was due to somewhat uneven distribution of socioeconomic factors at cluster randomization. One could therefore argue that the intervention arm showed a higher prevalence of EBF in the poorest quintiles due to a lesswealthy population in this arm. However, this small difference in SES between arms cannot explain the extensive difference we found in EBF practices between the intervention and control groups. And as we see in the linear regression in Table 6 , being in the intervention arm had a non-significant impact on length-for-age z-scores, while the SES score was highly correlated with length-forage z-scores. Hence, receiving peer counseling for EBF was less important for infant growth than the SES of the household.
Our findings indicate that wealth is a major contributor to inequality in undernutrition and that socioeconomic inequalities are present at very early ages. Therefore, poverty reduction is an important target in health planning and investment. Policymakers need to consider whether these health inequalities would best be addressed by focusing on the national healthcare system, poverty reduction, or both. Policies that promote growth on a macroeconomic level would probably not be sufficient alone, as they would only scratch the surface of an underlying social problem. Therefore, they should also encompass programs for poverty, unemployment, and inequality reduction (35) . In some situations with vulnerable populations, such as in refugee camps, there seems to be a need for universal targeted nutritional interventions to achieve a well-nourished population, as argued by Briend et al. (36) .
Conclusion
This study evaluated equity aspects of a trial promoting EBF in Uganda and showed that EBF promotion by peer counselors can be effective when opting to influence feeding practices among the poorest. Although the outcome 'EBF practice' was more successfully achieved among the poorest than the wealthiest in the population, significant socioeconomic inequalities in stunting, wasting, and underweight were present as early as 24 weeks of infancy. There is a need to understand how to better deliver public health nutrition interventions to the poorest populations, and how to prevent unfavorable growth patterns. Community-based behavioral trials may be useful in reducing social inequalities in health, and this impact should be further explored. As better child growth and nutrition are related to numerous advantages in adult life, we suggest that improved equity will have potential advantages in future generations. 
